The degree-day method is one of the well-known and the simplest methods used in the Heating, Ventilating and Air-Conditioning industry to estimate heating and cooling energy requirements. In this study, the heating and cooling degree-days for Turkey are determined by using long-term recent measured data. Five different base temperatures ranging from 14 to 22 C are chosen in the calculation of heating degree-days. In the case of cooling degree-days, 6 different base temperatures in the range 18 to 28 C are used. Yearly heating and cooling degree-days are given both in tabular form and as counter maps for all the provinces of Turkey (78 weather stations). #
Introduction
Energy analysis plays an important role in developing an optimum and cost effective design of HVAC system for a building. Although there are different energy analysis methods, which vary in complexity, the degree-day methods are the simplest methods and well-established tools for energy analysis if the buildings use, the efficiency of HVAC equipment, indoor temperature and internal gains are relatively constant. The value of degree-days is a measure used to indicate the demand for energy to heat or cool buildings. The monthly and/or annual cooling and heating requirements of specific buildings in different locations can be estimated by means of the degree-days concept. The method assumes that the energy needs for a building are proportional to the difference between the mean daily temperature and a base temperature. The base temperature is the outdoor temperature below or above which heating or cooling is needed [1, 2] . In terms of degree-days, the annual energy consumption, Q year [W.day] can be calculated as [1] ;
where K tot is the total heat-transfer coefficient of the building in W/ C, is the efficiency of the heating or cooling system and DD is the value of degree-days for heating or cooling. For heating, heating degree-days (HDD) can be determined using following expression;
in which, T b is the base temperature and T m is the daily mean outdoor temperature.
Cooling degree-days (CDD) can be calculated in a manner analogous to that for heating degree-days;
The plus signs above the parentheses of Eqs. (2) and (3) indicate that only positive values are to be counted. Using HDD and CDD, the annual heating consumption, Q h , and the annual cooling requirements, Q c , in terms of kWh can be calculated, respectively as;
Traditionally, heating degree-days are calculated at a base temperature of 18 C (or 65 F) and cooling degree-days are determined at a base temperature of 22 C (71.6 F) for a typical uninsulated building. However, the average value of T b varies widely from one building to another, because of widely differing personal preferences for the settings of thermostat and of the thermostat setback and because of different building characteristics such as thermal insulation, air leakage and solar gains. Hence degree-days with a base temperature of 18 C in heating or 22 C in cooling must be employed with caution [3] .
The traditionally-used base temperatures have been questioned by a number of authors. Said [2] found that a heating base temperature in the range of 18 to 21 C is suitable in Saudi Arabia depending upon the insulation level. The recommended cooling base temperature is between 23 and 25.5 C for buildings without insulation and between 25.5 and 27. 8 C for well-insulated buildings. Kodah and El-Shaawari [4] recommended that a heating base-temperature of 15.5 C (60 F) in Jordan is appropriate. Badescu and Zamfir [5] reported that a 18 C base temperature for heating degree-day calculations is appropriate for living rooms and bedrooms in Romania.
Although analysis of weather data for design of HVAC systems and energy consumption calculations has been completed several years ago for developed countries, this subject has been considered seriously only in recent years in Turkey. The weather data studies in Turkey have been initiated with the construction of modern commercial and domestic buildings, the start of natural gas usage and because of a possible energy crisis. Although some independent studies [6] [7] [8] [9] [10] have been performed in recent years to compile weather data, well-established and reliable databases that can be used directly by designers and energy managers still do not exist. Not all of the cities of Turkey were considered in existing studies, and in some studies, the results were based on the data obtained during a short-period of time (only a few years) or the data measured in recent years were not used. In some studies, the results were presented only for one base temperature.
The need to fill the gap in weather data for Turkey provided the stimulus for this project that includes the production of design data, degree-days and bin data for heating and cooling and solar radiation. In this paper, the results of the degree-day studies are reported.
Database for temperature
Accurate and reliable weather data are crucial for building energy simulations and analyses. The weather data being used in energy analysis determines the accuracy and characteristics of the results. Therefore, the database used in an energy analysis should cover a long period and depend on recent values [1] . In this study, daily minimum and maximum outdoor dry-bulb temperatures of recent years were used. The data obtained during at least 14 years (except for Eskis¸ehir) were used in the calculations. Daily mean temperatures were obtained by averaging the minimum and the maximum temperatures. The raw data were taken from The State Meteorological Affairs General Directorate (DMI . ) on magnetic disks for 78 provinces. Information for the weather stations and periods of the data considered are given in Table 1 .
Results and discussion
Based on the database for temperature shown in Table 1 and using Eqs. (2) and (3), annual heating and cooling degree-days for various base temperatures were obtained for each province. Table 2 shows the annual heating degree-days with 14, 16, 18, 20, and 22 C base temperatures. As can be seen from Table 2, significant differences between the values of heating degree-days for different locations are evident for the same base temperature. For example, the annual heating degree-days for I . skenderun (located in the east Mediterranean) is 690, while it is 5137 for Ardahan (located in the northeast), at a base temperature of 18 C. This shows that a building in Ardahan needs 7.44 times more heating energy than a building located in I . skenderun, both having the same characteristics. Fig. 1 shows variation of the annual heating degree-days with base temperature for the main provinces of Turkey. The heating degree-days increase almost linearly with increasing base temperature. Increasing base temperature from the traditionally accepted value of 18 to 20 C results in approximately 14% higher heating degreedays in Erzurum, whilst the increase is about 40% for Adana. Therefore, thermal Bayburt  3006  3545  4149  4807  5510  Bilecik  1521  1933  2397  2922  3517  Bingo¨l  1994  2399  2838  3319  3848  Bitlis  2340  2800  3311  3863  4473  Bolu  1832  2291  2821  3423  4091  Burdur  1496  1902  2351  2848  3406  Bursa  1117  1491  1920  2401  2948  Ç anakkale  1003  1371  1789  2258  2782  Ç ankırı  1928  2370  2864  3418  4035  Ç orum  1965  2428  2958  3563  4234  Denizli  907  1245  1627  2052  2520  Diyarbakır  1375  1739  2142  2583  3057  Edirne  1403  1791  2224  2708  3250  Elazıgˇ1805  2211  2653  3135  3662  Erzincan  2129  2564  3047  3577  4164  Erzurum  3637  4205  4827  5499  6207  Eskis¸ehir  2043  2516  3049  3649  4310  Gaziantep  1242  1605  2009  2450  2926  Giresun  957  1328  1765  2263  2830  Gu¨mu¨s¸hane  2228  2702  3234  3832  4492  Hakkari  2543  2986  3470  3997  4564  Hatay  528  797  1119  1489  1906  Igˇdır  1914  2319  2764  3256  3792  I  .  skenderun  218  420  690  1022  1406  Isparta  1684  2120  2607  3156  3763  I  .  stanbul  1054  1433  1865  2350  2897  I  .  zmir  562  845  1188  1583  2023  K. Maras¸954  1284  1653  2059  2500  Karaman  1809  2229  2698  3222  3809  Kars  3573  4145  4772  5451  6168  Kastamonu  2088  2567  3112  3726  4402 (continued on next page) characteristics of the building and preferences of the occupants should be changed to lower the base temperature if possible. To lower the base temperature, thermostat settings should be reduced to the lower end of the comfort region, thermal insulation should be applied to buildings and air leakages should be minimised. Another factor that affects the value of the base temperature is the solar gain. Buildings should be constructed in such a way that they receive the maximum possible solar radiation during heating season and the minimum during cooling season. A reduction in base temperature from 18 to 16 C lowers the heating-degree days by approximately 13% in Erzurum and 34% in Adana.
A counter map of the annual heating degree-days for an 18 C base temperature is depicted in Fig. 2 . The figure shows clearly the non-uniformity of climate of Turkey. For locations near to sea coasts, the heating degree-days have lower values compared with the eastern and the inner regions. The higher degree-days appear in the Ordu  984  1361  1804  2303  2869  Rize  991  1375  1820  2331  2912  Samsun  996  1377  1826  2339  2926  Siirt  1230  1577  1958  2374  2826  Sinop  1038  1430  1879  2390  2969  Sivas  2412  2896  3444  4061  4732  S¸anlıurfa  852  1157  1503  1885  2303  Tekirdagˇ1193  1586  2032  2531  3098  Tokat  1534  1938  2399  2922  3516  Trabzon  923  1291  1724  2223  2800  Tunceli  1880  2280  2716  3198  3727  Us¸ak  1525  1945  2414  2939  3526  Van  2454  2938  3476  4069  4721  Yalova  1033  1409  1843  2340  2903  Yozgat  2350  2853  3422  4057  4743  Zonguldak  1162  1557 eastern and northeastern Turkey. The counters are close to each other in the lower part of the inner region (around Nigˇde), in the east and in the northeast. This shows a rapid climate change within short distances due to mountainous nature of the landscape in these regions. The landscape of Turkey, which contains large plains, high plateaus, high mountains and mountain chains, is quite non-uniform. Elevation of the cities varies between zero and 1869 m. A correlation between the heating degree-days and elevation is evident from Fig. 3 . The value of the heating degree-days increases with elevation. Table 3 The annual cooling degree-days for Turkey
The scatter is mainly due to the effects of latitude and longitude. The combined influences on heating degree-days of elevation and latitude and of elevation and longitude are shown in the form of three-dimensional graphs in Figs. 4 and 5, respectively. It is clear from Fig. 4 that, heating degree-days are generally higher when both elevation and latitude are high, although there are some non-uniformities. They are quite small at the opposite corner (where both elevation and latitude are low). Fig. 5 shows the combined influences of elevation and longitude. The value of heating degree-days is generally higher for the regions having a high elevation and a high longitude.
Annual cooling degree-days
The annual cooling degree-days for base temperatures of 18, 20, 22, 24, 26 and 28 C for 78 provinces of Turkey are given in Table 3 . Analysis of Table 3 reveals Ordu  512  284  119  30  3  0  Rize  452  228  81  13  1  0  Samsun  438  219  76  11  0  0  Siirt  1341  1026  747  509  311  158  Sinop  460  242  92  16  1  0  Sivas  196  82  27  6  1  0  S¸anlıurfa  1601  1254  940  665  429  243  Tekirdagˇ504  272  112  26  3  0  Tokat  439  234  97  30  5  0  Trabzon  476  245  91  17  1  0  Tunceli  804  555  353  193  85  24  Us¸ak  475  270  127  43  9  0  Van  248  109  32  6  1  0  Yalova  524  289  123  32  4  0  Yozgat  160  63  20  4  0  0  Zonguldak  350  157  50  14  2  0 that there are significant differences between the values of cooling degree-days for different provinces at the same base temperature. Whilst there is no need for cooling in Ardahan (located in the northeast) for which the value of the cooling degree-day is zero, the cooling requirement is a maximum for S¸anlıurfa (located in the southeast) with a cooling degree-day value of 940 at a 22 C base temperature. The value of cooling degree-days increases significantly with the decrease of base temperature (Fig. 6) . Therefore, thermal characteristics of the building and preferences of the occupants should be changed to increase the base temperature if possible. Increasing the base temperature above the traditionally used base temperature of 22 C diminishes the need for cooling completely for some provinces (such as Kars, Ç orum, Ku¨tahya, Nigˇde, and Samsun). However, significant cooling is still required for some cities, especially for those located in the south and the southeast Turkey. Increasing the base temperature from 22 to 24 C results in approximately 29% lower cooling degree- days in S¸anlıurfa. The increase in cooling degree days is at the same level (approximately 33%), when the base temperature is changed from 22 down to 20 C. Fig. 7 shows a counter map of the yearly cooling degree-days at 22 C base temperature for Turkey. As can be seen from the figure, the cooling requirement is essentially zero in the north, northeastern, eastern and the inner regions of Turkey. However, a substantial amount of cooling is needed in the south and southeast Turkey. The counters are close to each other between Adana and Nigˇde (around Nigˇde), and in the east.
The correlation observed between elevation and the heating degree-days does not exist in the case of cooling-degree days (Fig. 8) . However, combined influence of elevation and latitude on the cooling degree-days is clear from Fig. 9 . For the provinces having elevations less than 1100 m and located in the south (where the latitude is less than 39 ), cooling is a necessity. The value of the cooling-degree days is generally smaller than 200 at high elevations (>1100 m). This is also the case for the northern part of Turkey (latitude >40
). The combined influence of elevation and longitude on the cooling degree-days (Fig. 10) is not as clear as in the case of elevation and latitude.
Conclusions
The heating and cooling degree-days with variable-base temperatures for Turkey are determined using long-term measured data. Base temperatures of 14, 16, 18, 20, and 22 C are chosen in the calculation of heating degree-days. Base temperatures of 18, 20, 22, 24, 26 or 28 C are used in the determination of cooling degree-days. Yearly heating and cooling degree-days are given in tabular forms for all the provinces of Turkey. The cooling and the heating degree-days are also presented on the counter maps. The values of both heating and cooling degree-days exhibit big fluctuations throughout Turkey. While the northeastern and the inner regions of Turkey require comparatively more heating energy, they need less or no cooling.
